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@ Method of manufacturing a semiconductor memory. 

@ A method of manufacturing a semiconductor 
memory includes the steps of, on a semicon- 
ductor substrate having underiayer wiring 
which is composed of a plurality of gate por- 
tions provided with side walls and a diffused 
region between the gate regions, i) forming a 
layer insulating film which is smaller in thick- 
ness in the diffused region than the side walls of 
each of the gate regions and which is made of a 
material etched more easily than the material of 
the semiconductor substrate; ii) depositing a 
conductive layer of a material etched more 
easily than the layer insulating film, over the 
entire surface of the layer insulating film; iii) 
removing the conductive layer simply except a 
portion where a contact hole is to be formed in 
the diffused region, by etching with a pattern 
film for forming the contact hole ; iv) depositing 
an insulating film and a pattern film for forming 
the contact hole over the entire surface again ; 
and v) removing the insulating film, the remain- 
ing conductive layer and the layer insulating 
film by etching one after another to form the 
contact hole extending to the diffused region in 
self-alignment. 
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METHOD OF MANUFACTURING A SEMICONDUCTOR MEMORY 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of man- 
ufacturing a semiconductor memory, and more par- 
ticularly, it relates to a method of manufacturing a 
semiconductor memory of wiring width 0.8 fimor 
under, with high yields. 

2. Description of the Prior Art 

A prior art embodiment and its disadvantages will 
be described with reference to diagrams for explain- 
ing structures of main parts of a semiconductor sub- 
strate. 

In the prior art embodiment, as shown in Figs. 
5(a) and 5(b), after second underlayer wiring 73 is for- 
med in a semiconductor substrate 71 which has first 
underlayer wiring (diffused layer) 72 formed by diffus- 
ing a layer insulating film 74 of Si0 2 or the like is depo- 
sited ; and thereafter, a contact hole 74a is formed by 
etching or the like. Upper wiring 75 is formed over the 
contact hole 74a ; and thus, the wirings are electrically 
connected between the upper and lower layers. 

In particular, in the case where the overlayer wir- 
ing 75 is made of a metal material like A 1 while the first 
under layer wiring 72 is formed of the diffused layer 
formed in the substrate 71, it is likely that the metal 
wiring 75 and the substrate 71 are short-circuited in a 
part shown by an arrow Q in Fig. 6 when the contact 
hole 74a and the diffused layer, or the first underlayer 
wiring 72, are out of alignment. However, as shown in 
Fig. 7, such short-circuiting can be prevented if the 
surface of the substrate which is exposed because of 
the contact hole formed for the purpose of the connec- 
tion with the first underlayer wiring 72 is covered with 
a polycrystalline Si film 76 doped with an impurity at 
high concentration so that the polycrystalline Si film 
76 is interposed between the metal wiring 75 and the 
substrate 71. Specifically, the short-circuiting be- 
tween the substrate 71 and the metal wiring 75 is pre- 
vented by covering the end of the diffused region 
exposed in the contact hole 74a with the polycrystal- 
line Si film 76 which is doped with an impurity at high 
concentration. This is because an impurity with which 
the polycrystalline Si film 76 is doped at high concen- 
tration is diffused towards the substrate, so that no 
short-circuiting is caused even if the polycrystalline Si 
film 76 is deposited on the end of the diffused region. 

Two problems arise in the above-mentioned way 
of covering the contact hole 74a with the the polycrys- 
tallin Si film 76: 

1) The distance between contact holes cannot be 
reduced. 



For xample, a case in which the polycrystalline 
Si film 76 covering the substrate 71 in the contact 
holes is etched will be discussed. When the polycrys- 

5 talline Si film 76 is etched under the state where a part 
of the substrate is exposed because of the disregis- 
tration of the photoresist determining the configu- 
ration of the polycrystalline Si film 76 to be etched, the 
exposed portion is etched away as shown by an arrow 

w R in Fig. 8 because the substrate is of silicon. The 
etching of the substrate may cause drawbacks such 
as a junction leak and the like. Hence, the end of the 
contact hole 74a in the polycrystalline Si film 76 must 
be positioned a distance d (0.1 n m to 0.3 \i m) from 

15 the region where the substrate is exposed [see Fig. 
11]. 

On the other hand, the lowermost limit of the dis- 
tance between polycrystalline Si patterns is deter- 
mined by the resolution of a light exposing projector. 

20 Thus, the minimum distance between the contact 
holes is about the double of the distance d (0.2 \x m 
to 0.6 n m) added to the resolution (about 0.6 m) of 
the exposing projector. In other words, approximating 
a distance L between the contact holes 74a, 74a [see 

25 Fig. 1 1 ] to the resolution (about 0.6 \i m) of the expos- 
ing projector is impossible. 

2) It is difficult to form the contact holes in self-align- 
ment. 

As shown in Fig. 9, the layer insulating film 74 is 

3o deposited on the second underlayer wiring 73, and 
then a portion where a contact hole is to be formed is 
etched down by the depth corresponding to the thick- 
ness of the layer insulating film 74 to form the contact 
hole on the surface of the substrate in self-alignment 

35 relative to the second underlayer wiring 73. 

However, when a plurality of overlayer wiring 
layers 75 exist to connect with the substrate 71, layer 
insulating films 74, 77 and 78 and a polycrystalline Si 
film must be deposited on the substrate 71 at as many 

40 times. If the plurality of layers are deposited in such a 
manner, the layer insulating film on the underlayer wir- 
ing is larger in thickness than the layer insulating film 
on the contact hole enough to fill the contact hole with 
the insulating film, so that it is impossible to form the 

45 contact holes in self-alignment. 

To overcome the above-mentioned problems, the 
present invention is directed to a method of manufac- 
turing a semiconductor memory in which a contact 
hole assuredly making a contact with a diffused region 

so of the semiconductor substrate can be formed while 
good yields of semiconductor memories can be 
attained even if the accuracy in the alignm nt of pat- 
terns in light projection and exposure is unsatisfac- 
tory. 

55 
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SUMMARY OF THE INVENTION 

According to the present invention, a method of 
manufacturing a semiconductor memory comprises 
the steps of, on a semiconductor substrate having 
underlayer wiring which is composed of a plurality of 
gate portions provided with side walls and a diffused 
region between the adjacent gate portions, i) forming 
a layer Insulating film which is smaller in thickness in 
the diffused region than the side walls of each of the 
gate portions and which is made of a material etched 
more easily than the material of the semiconductor 
substrate ; ii) depositing a conductive layer of a ma- 
terial etched more easily than the layer insulating film, 
over the entire surface of the layer insulating film ; iii) 
removing the conductive layer simply except a portion 
where a contact hole is to be formed in the diffused 
region by etching with a pattern film for forming the 
contact hole ; iv) depositing an insulating film and a 
pattern film for forming the contact hole over the entire 
surface again ; and v) removing the insulating film, the 
remaining conductive layer and the layer insulating 
film by etching one after another to form the contact 
hole extending to the diffused region in self-align- 
ment. 

Also, according to the present invention, a 
method of manufacturing a semiconductor memory 
comprises the steps of, on a semiconductor substrate 
having underlayer wiring which is composed of a 
plurality of gate portions provided with side walls and 
a diffused region between the adjacent gate portions, 
i) forming a layer insulating film which is smaller in 
thickness in the diffused region than the side walls of 
each of the gate portions and which is made of a ma- 
terial etched more easily than the material of the semi- 
conductor substrate ; ii) depositing a conductive layer 
of a material etched more easily than the layer insulat- 
ing film, over the entire surface of the layer insulating 
film ; iii) removing the conductive layer simply except 
a portion where a contact hole is to be formed in the 
diffused region, by etching with a pattern film for form- 
ing the contact hole ; iv) depositing an insulating film 
and a pattern film for forming the contact hole over the 
entire surface again ; v) removing the insulating film, 
the remaining conductive layer and the layer insulat- 
ing film by etching one after another to form the con- 
tact hole extending to the diffused region in 
self-alignment ; vi) depositing a polysilicon film doped 
with an impurity at high concentration and patterning 
the polysilicon film by light projection and exposure, 
and reactive ion etching to form a capacitor lower 
electrode ; and vii) further depositing a polysilicon film 
doped with an impurity at high concentration through 
a capacitor insulating film of a SiN film and patterning 
the polysilicon film by light projection and exposure, 
and reactive ion etching to form a capacitor upper 
electrode. 

In the aspect of the present invention, preferably, 



the semiconductor substrate is a Si substrate, the 
layer insulating film is a Si0 2 film, and the conductive 
5 layer is a polysilicon layer. 

In another aspect of the present invention, a 
method of manufacturing a semiconductor memory 
comprises the steps of, on a semiconductor substrate 
having underlayer wiring which is composed of a 
10 plurality of gate portions provided with side walls and 
a diffused region between the adjacent gate portions, 
i) forming a layer insulating film which is smaller in 
thickness in the diffused region than the side walls of 
each of the gate portions and which is made of a ma- 
ts terial etched more easily than the material of the semi- 
conductor substrate ; ii) etching the layer insulating 
film with a pattern film for forming a contact hole to 
form the contact hole extending to the diffused region 
in self-alignment ; iii) depositing a conductive layer of 
20 a materia! etched more easily than the layer insulation 
film over the entire surface of the layer insulating film 
having the contact hole ; iv) removing by etching the 
conductive layer only except the portion where the 
contact hole is to be formed in the diffused region so 
25 as to fill the contact hole with the remaining conduc- 
tive layer which is to serve as a buried film ; and v) 
depositing an insulating film over the entire surface 
and forming a through-hole for connecting bit line on 
the buried film in the insulating film to connect the bit 
30 line through the through-hole and the buried film to the 
diffused region. In this case, preferably, the semicon- 
ductor substrate is a Si substrate, the layer insulating 
film is a Si0 2 film, and the conductive layer is a polysi- 
licon layer. 

35 In still another aspect of the present invention, the 
following two manufacturing methods are provided. 
First, a method of manufacturing a semiconductor 
memory comprises the steps of, on a semiconductor 
substrate having underlayer wiring which is com- 

40 posed of a plurality of gate portions provided with side 
wails and a diffused region between the adjacent gate 
portions, i) forming a layer insulating film which is 
smaller in thickness in the diffused region than the 
side walls of each of the gate portions and which is 

45 made of a material etched more easily than the ma- 
terial of the semiconductor substrate ; ii) depositing a 
conductive layer of a material etched more easily than 
the layer insulating film, over the entire surface of the 
layer insulating film; iii) removing the conductive 

50 layer simply except two portions where two contact 
holes for a capacitor electrode and bit line are to be 
formed in the diffused region, by etching with a pattern 
film for forming the contact holes ; iv) depositing an 
insulating film over the entire surface and then etching 

55 back the insulating film to leave the insulating film only 
on the wail close to the remaining conductive layers ; 
v) removing the remaining conductive layer by etch- 
ing ; and vi) etching back the layer insulating film to 
form the contact holes in self-alignment. Second, 
another method of manufacturing a semiconductor 
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memory comprises the steps of, on a semiconductor 
substrate having undertayer wiring which is com- 
posed of a plurality of gate portions provided with side 
walls and a diffused region between the adjacent gate 
portions, i) forming a layer insulating film which is 
smaller in thickness in the diffused region than the 
side walls of each of the gate portions and which is 
made of a material etched more easily than the ma- 
terial of the semiconductor substrate ; ii) depositing a 
conductive layer of a material etched more easily than 
the layer insulating film, over the entire surface of the 
layer Insulating film ; iii) removing the conductive layer 
simply except two portions where two contact holes 
for a capacitor electrode and bit line are to be formed 
in the diffused region, by etching with a pattern film for 
forming the contact holes ; iv) depositing an insulating 
film over the entire surface and then etching back the 
insulating film to leave the insulating film only on the 
wall close to the remaining conductive layers ; v) 
removing the remaining conductive layer by etching ; 
vi) etching back the layer insulating film to form the 
contact holes in self-alignment ; vii) depositing a 
polysilicon film doped with an impurity at high concen- 
tration over the contact holes and etching back it to 
form in advance a buried layer of polysilicon in the 
contact holes making a contact with overlayer wiring. 
In this case, preferably, the semiconductor substrate 
is a Si substrate, the layer insulating film is a Si0 2 film, 
and the conductive layer is a polysilicon layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for explaining the steps of 
forming a capacitor electrode in a manufacturing 
method of an embodiment according to the pre- 
sent invention ; 

Figs. 2(a) and 2(b) are diagrams for explaining a 
configuration of amain portion, showing a contact 
hole for making a contact with the capacitor elec- 
trode and a capacitor insulating film of the embo- 
diment ; 

Fig. 3 is a diagram for explaining the steps of 
forming a capacitor electrode in a manufacturing 
method of another embodiment according to the 
present invention ; 

Fig. 4 is a diagram for explaining a configuration 
of a main portion, showing a memory formed in 
accordance with the embodiment ; 
Fig. 5(a) is a diagram for explaining a configu- 
ration of a prior art semiconductor memory, show- 
ing a contact hole ; 

Fig. 5(b) is a sectional view taken along the lin 
A- A' of Fig. 5(a); 

Fig. 6 is a diagram for explaining drawbacks of the 
prior art semiconductor memory, showing its con- 
figuration ; 

Fig. 7 is a diagram for explaining an improved 
prior art semiconductor memory, showing its con- 



figuration ; 

Figs. 8 through 1 1 are diagrams for explaining 
s drawbacks the improved prior art semiconductor 

memory, showing its configuration ; and 
Fig, 12 is a diagram for explaining the accuracy 
of the alignment in an exposure device in the 
steps of forming a contact hole without a self-ali- 
w gnment method. 

PREFERRED EMBODIMENTS 

The most significant characteristic of the present 
15 invention is in that a contact hole extending to a dif- 
fused region in a memory cell is formed in self-align- 
ment. 

In the present invention, first, on a semiconductor 
substrate a layer insulating film of a material which is 

20 more easily etched than the material of the semicon- 
ductor substrate is formed. For example, a Si0 2 film 
is formed on a Si substrate. 

Then, a conductive layer of a material which is 
more easily etched than the material of the layer 

25 insulating film is deposited over the entire surface of 
. the layer insulation film ; and eventually, the conduc- 
tive layer and layer insulating film in a portion where 
a contact hole is to be formed are removed by etching 
one after another to form the contact hole extending 

30 the diffused region. In this way, the contact hole can 
be formed in self-alignment. The method of forming a 
contact hole may be a known method ; however, the 
inventors of the present invention apply the above- 
mentioned method of forming a contact hole to the for- 

35 mation of a contact hole for forming a capacitor 
electrode of a memory cell to attain a high integration 
of a memory and good yields of memories. 

An essential requirement in the present invention 
is that the layer insulating film is smaller in thickness 

40 in the diffused region than side walls of a gate portion. 
For example, an example is shown in Fig. 12 where 
a contact hole is formed in a layer insulating film with- 
out self-alignment as in the present invention. 

In Fig. 12(a), a layer insulating film 82 is formed 

45 on a semiconductor substrate having underlayer wir- 
ing which is composed of a plurality of gate portions 
81 having side walls 80 and a diffused region. In this 
case, the distance x between the gates is 1,1 - 1.2 \i 
m while the length G of the gate is 0.8 nmor under, 

so desirably 0.5 - 0.6 \i m. 

Then, as shown in Fig. 12(b), a resist film 83 for 
forming a contact hole is formed. 

Then, the layer insulating film is patterned by light 
projection and exposure, and reactive ion etching to 

55 form a contact hole 83. The diameter K of the contact 
hole 83 is 0.3 \i m. 

In the above-mentioned method of forming a con- 
tact hole, it is know that the distance x between the 
gates cannot be reduced to 1.1 - 1.2 n m or under 
because of the accuracy of th alignm nt of the 
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exposure device. Thus, it is necessary to arrange in 
advance that the adjacent gates are disposed with the 
distance x of 1.1 - 1 .2 |i m or over before the contact 
hole is formed. On the other hand, in the pr sent 
invention, the distance x can be reduced to 0.5 - 0.6 
fi m. This results in high integration of the memory. For 
that purpose in the present invention, as shown in Fig. 
1(b), a conductive film 8 is formed for increasing in a 
margin of the alignment in forming a contact hole 40 
[see Fig. 1 (e)]. The conductive film 8 also functions as 
a dummy, which is removed when the contact hole is 
formed. Thus, after the removal of the conductive film 
8, a capacitor electrode can increase in area for wiring 
by an area the conductive film covers. 

Since the conductive film 8 is formed in forming 
the contact hole 40 to increase in a margin of the align- 
ment, the alignment of patterns in a projection and 
exposure may be performed with little accuracy ; and 
therefore, good yields can be expected of this in man- 
ufacturing. 

The contact hole 40 in the present invention is for- 
med, for example, in the following way : A region R 
where a contact hole is to be formed is removed by an 
anisotropic reactive ion etching (RIE) with a mask of 
a resist pattern 50 formed by a projection and expos- 
ure, and then, a second layer insulating layer 9, the 
conductive film 8 and a first layer insulating film 27 are 
removed one after another by etching. The bottom 
face of the contact hole 40, as shown in Fig. 1(e), 
defines a interface 1a to the surface of one of diffused 
regions, while an upper opening 1b, or the rim, of the 
contact hole 40 extends from a second insulating 
layer 29 to project upwards ; a large level difference 
H between the upper opening 1 b and the bottom face 
1a is observed [see Fig. 1(e), Fig. 2J. The conductive 
film 8 serving as a dummy [seen Figs. 1(c) and 1(d)] 
is removed when the contact hole 40 is formed ; 
instead, an area for wiring can be accordingly 
increased in the depthwise direction. Thus, capacitor 
electrode overfayer wiring provided along the inner 
wall of the contact hole can increase in the area of its 
wiring. In other words, creating a large level difference 
in the contact portion between the capacitor electrode 
and the diffused region increases in the area of the 
capacitor electrode. 

Preferably, the conductive layer in the present 
invention may be the one that could be removed more 
rapidly than a Si0 2 film by anisotropic etching like 
RIE ; the best example is a poly crystalline silicon film. 
A silicide film of WSi or the like overiaid with a poly Si 
film may be used. 

The conductive layer is, for example, removed by 
anisotropic reactive ion etching (RIE) with a photores- 
ist pattern formed by the projection and exposure, and 
a conductive film and a conductive buried film are for- 
med. 

In another aspect of the present invention, a con- 
tact hole for connecting bit line through its opening 



and a buried film to a diffus d region can be formed 
in self-alignment. As a result, the cell can be 

5 miniaturized. In this case, the buried film is useful for 
increasing a margin of the alignment 

In still another aspect of the present invention, a 
conductive film (e.g., a polysiiicon film) which is 
etched more rapidly is deposited on a layer insulating 

10 film and patterned ; thereafter, an insulating film Is for- 
med to form a contact hole. In this way, the contact 
hole can be assuredly formed in an area where the 
contact hole should be formed. The contact hole is fil- 
led with polycrystalline Si of high impurity concen- 

15 tration ; and thus, when wiring formed by depositing 
conductive material on the semiconductor substrate 
is electrically connected to wiring formed by diffusion 
or the like in the semiconductor substrate, the wiring 
of the semiconductor substrate can be assuredly 

20 drawn out on the semiconductor substrate. In this 
way, a memory which holds a reliability on the con- 
nection of wirings can be created. 

The present invention will be explained below in 
detail in conjunction with embodiments shown in the 

25 drawings ; it is not intended that the present invention 
be limited to the precise form disclosed therein. 
[Embodiment 1] 

Referring to Fig. 1(g), a DRAM (MOS transistor) 
is mainly composed of a Si substrate 1 of which ele- 

30 ments are isolated by a Si0 2 thermal oxidation film 
having a thickness of approximately 0.4 \x m, a polyc- 
rystalline Si film (gate wiring serving as lead) 4 formed 
on the substrate 1 with a thickness of about 3000 A 
by diffusing phosphorus (P) at high concentration 

35 through a gate oxidation film 3 having a thickness of 
about 1 00 A, Si0 2 spacers 5 and 8 formed by anisot- 
ropic ion reactive etching (RIE) after a deposition of 
Si0 2 on the upper and side faces of the gate wiring by 
CVD, a layer insulating Si0 2 film 27 formed by CVD 

40 to cover it and to have a thickness of about 0.2 n m, 
a contact hole 40 formed on one of diffused regions, 
R f with a large level difference H of about 1.2 n m be- 
tween the upper opening 1b and the bottom face 1a 
[see Fig. 1(e)], a bit line connecting contact-hole 242 

45 formed on the other of the diffused regions, K f through 
the polycrystalline Si film 28 having a thickness of 
about 0.5 n m, a Si0 2 29 deposited on the Si substrate 
by CVD with a thickness of about 0.1 n m and a 
capacitor electrode overlayer wiring 41 provided with 

so the contact hole interposed, both of which are pro- 
vided on a region except the diffused region K, a Si0 2 
film 13 formed by CVD with a thickness of about 0.1 
H m and a fourth layer insulating film 14 formed by 
CVD with a thickness of about 0.3 \x m for flattening, 

55 both of which are deposited on the Si0 2 film 29 ne 
after another, and overlayer bit-wiring 15 form d by 
light projection and exposur and anisotropic RIE 
after a deposition of a WSi film of about 0.3 y. m thick- 
ness on the Si0 2 film 14 including an opening 242 
above a contact hole 42. 
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The capacitor electrode 41 is composed of a 
capacitor lower electrode 10 which is formed in the 
lower layer by depositing a polycrystalline Si of about 5 
500 A thickness film doped with phosphorus (P) at 
high concentration by CVD and patterning it by light 
projection and exposure, and anisotropic RIE, and a 
capacitor upper electrode 12 which is formed in the 
upper layer through a SiN capacitor insulating film 1 1 to 
of about 80 A thickness by light projection and expos- 
ure, and anisotropic RIE after a deposition of a polyc- 
rystalline Si film doped with P at high concentration of 
about 1500 A thickness. 

Then, manufacturing methods will be explained. 15 

(i) First, all over the Si substrate 1 which includes 
a gate electrode 4 having the upper side 5 of the 
spacer of Si0 2 and the side face (side wall) 6 of 
the spacer of Si0 2 , a Si0 2 film serving as an 
insulating layer and a resist layer (not shown) are 20 
deposited one after another [see Fig. 1(a)], and a 
resist film of a specific pattern is formed ; there- 
after, 

(ii) with a mask of the resist film, simply the Si0 2 

film 7 on the diffused region K is removed by 25 
anisotropic RIE until the surface 11 1b of the dif- 
fused region K is partly exposed. After that, all 
over the Si substrate 1 including the remaining 
Si0 2 fi!m 27, a polycrystalline Si layer (not shown) 
serving as a conductive layer of a material etched 30 
more rapidly than the Si0 2 film 27 and a resist 
layer (not shown) are deposited one after 
another, and a resist film of a specific pattern is 
formed ; thereafter, 

(iii) with a mask of the resist film, the conductive 35 
layer is etched so that the conductive film 8 
remains through the Si0 2 film 27 on the diffused 
region R while the conductive buried film 28 elec- 
trically connecting to the diffused region K 
remains on the diffused region K [see Fig. 1 (b)]. *o 

(iv) All over the first layer insulating film 7 includ- 
ing the conductive film 8 and the conductive 
buried film 28, a Si0 2 film 9 and a resist layer (not 
shown) are deposited one after another [see Fig. 
1(c)], and a resist film 50 of a specific pattern for 45 
forming a contact hole is formed [see Fig. 1(d)] ; 
thereafter, 

(v) with a mask of the resist film 50, the Si0 2 film 
9 and conductive film 8 on the diffused region R 

are etched one after another, and further, the so 
Si0 2 film 27 just under the conductive film 8 is 
removed until it is partly exposed on the interface 
1a to the substrate 1 in the diffused region R to 
form the contact hole 40 and the Si0 2 film 29 [see 

Fig 1(e)]. Aw 55 

(vi) Then, on the Si substrate 1 except the dif- 
fused region region K or other, the capacitor elec- 
trode 41 is formed [see Fig. 1(f)]. 

The capacitor electrode 41 is composed of a 
capacitor lower electrode 10 which is formed in 



the lower layer by depositing a polycrystalline Si 
of about 500 A thickness film doped with phos- 
phorus (P) at high concentration by CVD and pat- 
terning it by light projection and exposure, and 
anisotropic RIE, and a capacitor upper electrode 
12 which is formed in the upper layer through a 
SiN capacitor insulating film 1 1 of about 80 A 
thickness by light projection and exposure, and 
anisotropic RIE after a deposition of a polycrystal- 
line Si film doped with P at high concentration of 
about 1500 A thickness. Thus, the contact hole 40 
is filled with the capacitor upper electrode 1 2 and 
the capacitor lower electrode 10. 

(vii) Moreover, all over the Si substrate 1 including 
the capacitor electrode 41, the Si0 2 film 13 and 
the Si0 2 film 14 for flattening are deposited one 
after another, and then, the Si0 2 films 13, 14 on 
the conductive buried film 28 are removed to form 
a contact hole (bit line contact hole) 242. 

(viii) All over the Si0 2 film 14 including the contact 
hole, the bit line 15 of a specific patter is formed 
[see Fig. 1(g)J. 

In this way, a DRAM memory cell is configured. 
In this embodiment, after the word line 4 is for- 
med, the poly Si patterns 8, 28 are formed on the Si0 2 
film, and moreover, the Si0 2 film 9 is deposited. After 
that, the Si0 2 films 27, 9 in a portion where a contact 
hole is to be formed, in a region which is to be a 
capacitor electrode and one of the diffused regions of 
the substrate, and the conductive film 8 as a dummy 
in the poly Si patterns are removed by etching, and 
then, the capacitor electrode 41 is formed. As a result, 
the capacitor electrode 41 increases in its electrode 
area. As the area of the capacitor electrode 41 
increases, the amount of electric charge accumulated 
at the identical writing voltage is increased : and a 
reliability to a soft error caused by an incident of a ray 
is enhanced. 

The contact holes 40, 42 are formed on both the 
diffused layers by providing the poly Si patterns 8, 28, 
so that a margin of the alignment in forming the con- 
tact holes 40, 42 in the capacitor electrode contact 
portion and bit line contact portion can be improved. 

As has been described, according to the present 
invention ; (i) good yields in manufacturing can be 
expected because the alignment of the patterns in a 
projection and exposure can be performed with little 
accuracy, and (ii) an area of the capacitor electrode 
can be increased by using a level difference between 
the contact portions in the capacitor electrode and the 
diffused layer. Because of an increase in the area of 
the capacitor electrode, the resultant amount of 
accumulated iectric charge can be increased under 
the identical writing voltage, and a reliability to a s ft 
error can be enhanced. 
(Embodiment 2] 

In Fig. 3(a), a thermally oxidized gate insulating 
film 1 1 3 of about 1 00 A thickness is formed on a semi- 
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conductor substrate 111 of which elements are iso- 
lated by a thermal oxidation film 1 12 of about 0.4 \x m, 
and gate wiring of a MOS transistor and second 
underiayer wiring 1 14 are formed on the gate insulat- 
■ ing film 1 1 3 with a polycrystalline Si film of about 3000 
A thickness diffused with phosphorus at high concen- 
tration. On the upper and side faces of the wiring 114, 
spacers 1 1 5, 1 16 of Si0 2 are formed, and first under- 
layer wiring 1 1 7 is formed in the substrate 1 1 1 by a dif- 
fusion with masks of the spacers 115, 116. The 
spacers 1 15, 1 16 are formed in the following manner- 
s' is deposited by CVD, and thereafter, it is subjec- 
ted to an anisotropic etching, such as reactive ion 
etching (RIE) or the like. A thin Si0 2 film 1 1 8 of about 
0.2 \i m for insulating layers from each other is depo- 
sited by CVD on the wirings covered with the spaces 
115,116. 

As shown in Fig. 3(b), a polycrystalline Si film 119 
of about 0.5 \i m thickness which is different in a 
period of time required for etching from Si0 2 is depo- 
sited on the substrate, covering the Si0 2 film 118, and 
then etched by an an isotropic etching, such as RIE 
or the like, with a photoresist pattern formed by light 
projection and exposure, so as to form a dummy pat- 
tern in a portion X where a contact hole is necessary. 
A region between the wirings where no contact hole 
is necessary in this process has the insulating film 1 1 8 
left by reference character Y in Fig. 3(b). 

After that, a thin Si0 2 film 120 of about 0.1 n m 
thickness is deposited by CVD, and then, the surface 
of the substrate is etched back by an anisotropic etch- 
ing, such as RIE or the like, to the depth correspond- 
ing to the thickness of the Si0 2 film 1 20, as shown in 
Fig. 3(c). Then, the exposed polycrystalline Si film 1 19 
is removed by an isotropic etching, such as plasma 
etching or the like [see Fig. 3(d)]. Moreover, the Si0 2 
film 118 covering the surface of the substrate is 
etched back by an anisotropic etching, such as RIE or 
the like, to the depth corresponding to the thickness 
of the Si0 2 film 1 18. With these steps, the substrate 
1 1 1 is exposed in the portion X where the contact hole 
making a contact with the overiayer wiring is to be for- 
med without losing the insulating film in the portion Y 
where no contact hole is necessary, and the contact 
hole is formed in self-alignment relative to a diffused 
region 117. 

After that, a polycrystalline Si film 121 of about 0.4 
\i m thickness which is doped with phosphorus at high 
concentration is deposited by CVD as shown in Fig. 
3(e), and then etched back by an anisotropic etching, 
such as RIE or the like, to the depth corresponding to 
the thickness of the polycrystalline Si film 121, so as 
to complete the polycrystalline Si film 121 with which 
the contact hole is filled, as shown in Fig. 3 (f). After 
etching back the polycrystalline Si film 121, aSi0 2 film 
122 of about 0.2 \i m thickness is formed on the sur- 
face of the substrate by CVD. 

With the above-mentioned steps, the polycrystal- 



line Si buried layer 121 covering th contact hole on 
the diffused region is formed in self-alignment The 

5 pattern of the polycrystalline Si film 121 is simul- 
taneously formed in every portion where the contact 
hole making a contact between the multi-layer over- 
lay r wiring and the substrate is to be formed, so that 
the polycrystalline Si buried layer is formed in every 

10 contact hole in self-alignment relative to the second 
underiayer wiring. The buried layer 121 close to the 
substrate is directly in contact with the diffused region 
1 17 on the surface of the substrate to attain an elec- 
trical connection. 

is After the buried layer 121 is formed, a semicon- 
ductor device having a capacitor and bit line, which 
are essential for forming a memory cell, formed in a 
multi-layer wiring configuration on the semiconductor 
substrate, as shown in Fig. 4. 

20 To form the capacitor, a thin CVD Si0 2 film 122 
which covers a buried layer 121b to connect with the 
capacitor is removed, and then a capacitor lower elec- 
trode 131 connected to the buried layer 121b in the 
portion from which the Si0 2 film 122 was removed is 

25 formed. Then, a capacitor insulating film 132 is for- 
med, covering the lower electrode 131 ; moreover, a 
capacitor upper electrode 133 is deposited. 

With the above-mentioned deposition step, an 
insulating material is formed as a layer insulating film 

30 1 34 on the surface of the semiconductor substrate in 
which memory cell capacitor elements are formed, 
and bit line 136 is formed through the insulating film 
1 34. The bit line 136 is formed of a multi-layer conduc- 
tor of polycrystalline Si wiring 136a and a metal hav- 

35 ing a high fusing point and is connected to the buried 
polycrystalline Si film 121a in a portion where the con- 
nection to the wiring formed In the semiconductor sub- 
strate is necessary. In the connection process, since 
the wiring formed in the substrate by diffusion has 

40 been drawn out on the substrate by the buried layer 
121a, a sufficient contact area can be retained for an 
assured electrical connection. 

Multi-layer wiring including four layers or over is 
employed in a high integrated LSI of 0.6 \i m wiring 

45 width, such as a 1 6 MDRAM and the like, and the wir- 
ing to be connected to the substrate also includes two 
layers or over. In such a semiconductor configuration, 
also, the pattern of the polycrystalline Si film 121 Is 
simultaneously formed in every portion where the 

50 contact hole making a contact between the multi-layer 
overiayer wiring and the substrate is to be formed, so 
that the polycrystalline Si buried layer is formed in 
every contact hole in self-alignment relative to the 
gate wiring. 

55 The semiconductor device shown in Fig. 4 has a 
configuration having underiayer wiring which is a dif- 
fused layer formed in the substrate, and overiayerwir- 
ing which consists a capacitor lower electrode of a 
memory cell and bit line. 

As previously mentioned, according to the pre- 
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sent invention, a contact hole which makes a contact 
between multi-layer underlayer and overlayer wirings 
in a high integrated LSI having a wiring width of 0.6 \i 5 
m or under can be assuredly formed at high density. 
The contact hole between the underlayer and over- 
layer wirings is formed in self-alignment relative to the 
wirings, so that the alignment of the patterns in a pro- 
jection and exposure can be performed with little jo 
accuracy. Thus, good yields in manufacturing can be 
expected. The present invention is suitable especially 
for a semiconductor memory which requires multi- 
layer wiring. 

The invention being thus described, it will be obvi- is 
ous that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the scope of the invention. 

There are described above novel features which 
the skilled man will appreciate give rise to advan- 20 
tages. These are each independent aspects of the 
invention to be covered by the present application, 
irrespective of whether or not they are included within 
the scope of the following claims. 



Claims 

1. A method of manufacturing a semiconductor 
memory, comprising the steps of, on a semicon- 30 
ductor substrate having underlayer wiring which 

is composed of a plurality of gate portions pro- 
vided with side walls and a diffused region be- 
tween the gate regions, 

i) forming a layer insulating film which is smal- 35 
ler in thickness in the diffused region than the 

side walls of each of the gate regions and 
which is made of a material etched more 
easily than the material of the semiconductor 
substrate ; 40 

ii) depositing a conductive layer of a material 
etched more easily than the layer insulating 
film, over the entire surface of the layer 
insulating film ; 

iii) removing the conductive layer simply 45 
except a portion where a contact hole is to be 
formed in the diffused region, by etching with 

a pattern film for forming the contact hole ; 

iv) depositing an insulating film and a pattern 

film for forming the contact hole over the entire 50 
surface again ; and 

v) removing the insulating film, the remaining 
conductiv layer and the lay r insulating film 
by etching one after another to form the con- 
tact hole extending to the diffused region in 55 
self-alignment. 

2. A method according to claim 1 , wherein the semi- 
conductor substrate is a Si substrate, the layer 
insulating film is a Si0 2 film, and the conductive 



layer is a polysilicon layer. 

3. A method of manufacturing a semiconductor 
memory, comprising the steps of, on a semicon- 
ductor substrate having underlayer wiring which 
is composed of a plurality of gate portions pro- 
vided with side walls and a diffused region be- 
tween the gate regions, 

i) forming a layer insulating film which is smal- 
ler in thickness in the diffused region than the 
side walls of each of the gate regions and 
which is made of a material etched more 
easily than the material of the semiconductor 
substrate ; 

ii) depositing a conductive layer of a material 
etched more easily than the layer insulating 
film, over the entire surface of the layer 
insulating ftlm ; 

iii) removing the conductive layer simply 
except a portion where a contact hole is to be 
formed in the diffused region, by etching with 
a pattern film for forming the contact hole ; 

iv) depositing an insulating film and a pattern 
film for forming the contact hole over the entire 
surface again ; 

v) removing the insulating film, the remaining 
conductive layer and the layer insulating film 
by etching one after another to form the con- 
tact hole extending to the diffused region in 
self-alignment ; 

vi) depositing a polysilicon film doped with 
impurity at high concentration and patterning 
the polysilicon film by projection and expos- 
ure, and reactive ion etching to form a capaci- 
tor lower electrode ; and 

vii) further depositing a polysilicon film doped 
with the impurity at high concentration through 
a capacitor insulating film of a SiN film and 
patterning the polysilicon film by projection 
and exposure, and reactive ion etching to form 
a capacitor upper electrode. 

4. A method according to claim 3, wherein the semi- 
conductor substrate is a Si substrate, the layer 
insulating film is a Si0 2 film, and the conductive 
layer is a polysilicon layer. 

5. A method of manufacturing a semiconductor 
memory, comprising the steps of, on a semicon- 
ductor substrate having underlayer wiring which 
is composed of a plurality of gate portions pro- 
vided with side wails and a diffused region be- 
tween the gate regions, 

i) forming a layer insulating film which is smal- 
ler in thickness in the diffused region than the 
side walls of each of the gate regions and 
which is made of a material etched more 
easily than the material of the semiconductor 
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substrate ; 

ii) etching the insulating film with a pattern film 

for forming a contact hole to form the contact 5 
hole extending to the diffused region in self- 
alignment ; 

iii) depositing a conductive layer of a material 
etched more easily than the layer insulating 

film over the entire surface of the layer insulat- 10 
ing film having the contact hole ; 

iv) removing the conductive layer only except 
the portion where the contact hole is to be for- 
med in the diffused region, by etching with a 
pattern film for forming a contact hole so as to 1 s 
fill the contact hole with the remaining conduc- 
tive layer which is to serve as a buried film ; 

and 

v) depositing an insulating film over the entire 
surface and forming a through-hole for con- 20 
necting bit line on the buried film in the insulat- 
ing film to connect the bit line through the 
through-hole and the buried film to the dif- 
fused region. 

25 

6. A method of manufacturing a semiconductor 
memory, comprising the steps of, on a semicon- 
ductor substrate having undertayer wiring which 
is composed of a plurality of gate portions pro- 
vided with side walls and a diffused region be- 30 
tween the gate regions, 

i) forming a layer insulating film which is smal- 
ler in thickness in the diffused region than the 
side walls of each of the gate regions and 
which is made of a material etched more 35 
easily than the material of the semiconductor 
substrate ; 

ii) depositing a conductive layer of a material 
etched more easily than the layer insulating 

film, over the entire surface of the layer 40 
insulating film ; 

iii) removing the conductive layer simply 
except portions where contact holes for a 
capacitor electrode and bit line are to be for- 
med in the diffused region, by etching with a 45 
pattern film for forming the contact hole ; 

iv) depositing an insulating film and then etch- 
ing back the insulating film to leave the insulat- 
ing film only on the wall close to the remaining 
conductive layer ; 5C 

v) removing the remaining conductive layer by 
etching ; and 

vi) etching back the layer insulating film to 
form a contact hoi in self-alignment. 

5i 

7. A method according to claim 6, wherein the semi- 
conductor substrate is a Si substrate, the layer 
insulating film is a Si0 2 film, and the conductive 
layer is a polysilicon layer. 



A method of manufacturing a semiconductor 
memory, comprising the steps of, on a semicon- 
ductor substrate having underlayer wiring which 
is composed of a plurality of gate portions pro- 
vided with side walls and a diffused region be- 
tween the gate regions, 

i) forming a layer insulating film which is smal- 
ler in thickness in the diffused region than the 
side walls of each of the gate regions and 
which is made of a material etched more 
easily than the material of the semiconductor 
substrate ; 

ii) depositing a conductive layer of a material 
etched more easily than the layer insulating 
film, over the entire surface of the layer 
insulating film ; 

iii) removing the conductive layer simply 
except portions where contact holes for a 
capacitor electrode and bit line are to be for- 
med in the diffused region, by etching with a 
pattern film for forming the contact hole ; 

iv) depositing an insulating film and then etch- 
ing back the insulating film to leave the insulat- 
ing film only on the wall close to the remaining 
conductive layer ; 

v) removing the remaining conductive layer by 
etching ; 

vi) etching back the layer insulating film to 
form a contact hole in self-alignment ; and 

vii) depositing a polysilicon film doped with 
impurity at high concentration over the contact 
hole and etching back it to form in advance a 
buried layer of polysilicon in the contact hole 
making a contact with overiayer wiring. 

9. A method according to claim 8 t wherein the semi- 
conductor substrate is a Si substrate, the layer 
insulating film is a Si0 2 film, and the conductive 
layer is a polysilicon layer. 

10, A method of forming a contact to a predetermined 
region of a semiconductor substrate, said method 
comprising (i) forming over said region first layer 
of an insulating material, (ii) forming a conductive 
layer over said insulating layer, (iii) removing the 
conductive layer except for a portion whereat said 
contact is to be formed, (iv) forming a second 
layer of insulating material over the first layer and 
over said conductive layer portions, and (v) form- 
ing a contact opening through said second 
insulating layer and by removal of said conductive 
iayer portion. 
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@ Method of manufacturing a semiconductor memory. 

(g) A method of manufacturing a semiconductor memory includes the steps of, on a semiconductor 
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depositing an insulating film and a pattern film for forming the contact hole over the entire surface 
again ; and v) removing the insulating film, the remaining conductive layer and the layer insulating film 
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